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Modifications in Diammonium Phosphate 
as a Nitrogen Source for Ruminants1 
RONALD R. JOHNSON and K. E. McCLURE 
INTRODUCTION 
The use of non-protein nitrogen in ruminant rations increases every 
year and urea continues to be the major source of this non-protein nitro-
gen. Even though feed formulations have now been devised with which 
urea may be safely used in relatively high proportions, researchers con-
tinue to look for other sources of non-protein nitrogen which may be less 
toxic than urea and possibly more economicaL 
One potential source of non-protein nitrogen which has the possi-
bility of being economically competitive with urea is diammonium phos-
phate ( DAP). DAP is widely used in the fertilizer industry as a source 
of both nitrogen and phosphorus. However, only limited studies have 
been conducted on the use of DAP as a source of non-protein nitrogen 
or phosphorus for animals. Earlier studies in this laboratory ( 3) using 
crystalline DAP suggested that it was quite unpalatable as a supplemen-
tary source of nitrogen for ruminants. Similar studies elsewhere showed 
that both granular and crystalline DAP were unpalatable. Interest in 
DAP as a non-protein nitrogen source continued, however, because it 
represented a compound which furnished not only non-protein nitrogen 
but supplementary phosphorus as well. Thus it has potential use in 
areas where both protein and phosphorus deficiencies exist simultaneous-
ly, such as in grazing or range conditions. 
Diammonium phosphate when mixed with water is usually char-
acterized by an evolution of ammonia from the water suspension or solu-
tion. It is assumed that a similar evolution of ammonia is responsible for 
the low palatability of this supplementary material when it is taken into 
the mouth of the ruminant. Therefore, this study was initiated to in-
vestigate means of preventing this immediate release of ammonia from 
the diammonium phosphate and hopefully to increase the palatability 
of the material in mixed rations. 
The objectives of this study were: ( 1) to determine the ability of 
coating materials to slow the access of water to the diammonium phos-
phate granules and thus to slow the release of ammonia, ( 2) to study 
the ability of coated diammonium phosphate granules to support rumen 
1Supported in part by a gift in aid of research by the Smith-Douglass Division of the 
Borden Chemical Company, Plant City, Florida. 
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microbial activity in vitro, and ( 3) to study the palatability and digesti-
bility of mixed ruminant rations containing diammonium phosphate and 
coated diammonium phosphate. The laboratory and animal feeding 
phases of the experiment are considered separately in this report. 
LABORATORY STUDIES 
Materials and Methods 
Several coating materials were obtained and used to coat diammon-
ium phosphate granules as described in Table 1. The first six samples 
( SD-1 through SD-12) were applied in this laboratory in the melt form. 
Diammonium phosphate granules were poured into a beaker of the 
melted coating material so that about 1/3 to 1/2 of the volume was con-
tributed by diammonium phosphate granules. The beaker was then 
cooled by placing it in a cold water bath. After solidifying, the material 
was removed and broken into small particles or crumbles by a coarse 
grinding technique with a mortar and pestle. By sieving this material 
through a screen, most of the fine particles of the coating material could 
be removed, leaving primarily coated diammonium phosphate granules. 
Samples SD-101 through SD-105 were specially formulated diammon-
ium phosphate materials prepared by the Smith-Douglass Company. 
Release of ammonia from the coated materials when suspended in 
water was determined for time periods of 10, 30, and 60 minutes and 5 
and 24 hours. Known quantities of the coated materials were weighed 
into tubes for each of the time periods to be tested and water was placed 
in the tubes at zero time. After the prescribed time period, the entire 
contents of the tubes were filtered into a distillation flask and the diam-
monium phosphate materials were rinsed with water in the filter paper. 
TABLE 1.-Description of Coated DAP Materials and Specially Pre-
pared Products. 
Lab. No. Material Description 
SD· 1 Lactic Acid Ester 
SD-2 Hydrogenated Triglyceride 
SD-5 Hardened Tallow Fatty Acid 
SD-9 Hydrogenated Mono-Di-Giycende No. 2 
SD-11 Tallow Fatty Alcohol (70%) plus 
Hydrolyzed Animal and Vegetable Fat (30%) 
SD- 1 2 Castor Wax 
SD- 1 01 Smith Douglass Project C-2B Sample 1 
SD-1 02 Smith Douglass Project C-2B Sample 2 
SD-1 03 Smith Douglass Project C-2B Sample 3 
SD-1 04 Smith Douglass Project C-2B Sample 4 
SD-1 05 Smith Douglass Project C-2B Sample 5 
4 
M.P. •c. How Applied 
62 Melt 
68 Melt 
55 Melt 
65 Melt 
Melt and Kaolm 
86 Melt 
This procedure insured that the ammonia which was not released prior 
to the distillation would not be disturbed or disrupted by the distillation 
procedure and alter the results to be obtained. A similar procedure was 
followed for all materials tested. The ammonia in the solution was then 
distilled over magnesium oxide into a boric acid flask and titrated. 
The utilization of the nitrogen from the coated and test materials 
by rumen microorganisms was determined by using these materials as 
nitrogen sources for cellulose digesting cultures of rumen bacteria grown 
in vitro. The in vitro procedure was essentially that reported earlier ( 2). 
The cellulose substrate and usual media were placed in the in vitro fermen-
tation tubes and the nitrogen source added at the time of inoculation with 
rumen bacteria. By so doing, there was no opportunity for the coated 
material to he disrupted by water or the media prior to the addition of the 
rumen bacteria inoculum. Thus, inoculation time was zero time for both 
bacterial growth and nitrogen release. Cellulose digestion was determined 
after 30 hours of incubation by centrifuging the entire contents of the fer-
mentation tubes and determining residual cellulose on the sediment by the 
Crampton and Maynard method ( 1 ) . 
Since some diammonium phosphate preparations contain significant 
quantities of fluoride, the toxicity of fluoride to the rumen bacteria wa<> 
determined. This was accomplished through in vitro rumen fermenta-
tions similar to those described earlier. When cellulose was used as the 
substrate, both the cellulose digestion and synthesis of trichloroacetic acid 
(TCA) precipitable nitrogen were used as criteria of bacterial activity. 
Starch was also used as a substrate in similar fermentations, with only the 
TCA precipitable nitrogen used as the criteria of activity. With both 
substrates, graded levels of fluoride were added at the beginning of the 
experiments, using a solution of sodium fluoride as the source. 
Results and Discussion 
The release of distillable ammonia from three coated diammonium 
phosphate samples and five specially treated samples is shown in Figures 
1 and 2. Uncoated DAP was used as a reference standard in all experi-
ments but highly variable results were obtained with uncoated DAP. In 
some experiments, as much as 70% of the material was distillable at 10 
minutes from DAP; in other experiments, 10 to 15% was distillable at the 
same interval. Because of this high variability, the reference curves for 
diammonium phosphate are not shown in the figure. 
There are some marked differences observable in the release curves 
for the materials tested. For example, both SD-11 and SD-105 gave 
the lowest release of distillable ammonia at the 10-minute period. This 
trend continued throughout the entire experiment. SD-1 and SD-12 
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Fig. 1.-Release of ammonia from coated and treated DAP products. 
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also had rather limited availability at this early time period. SD-101 
through SD-104, on the other hand, were more than half available for 
distillation at the 1 0-minute period. This would be considered a rapid 
release of the distillable ammonia. 
Most of the materials approached 100% release at 24 hours. The 
failure of some materials to reach 100){- is partially due to the fact that 
with the large coated granules used in some of the preparations, it was 
difficult to measure the exact quantity of nitrogen present in the flask. 
Thus, the theoretical value was merely an estimate and not an exact 
figure. 
The cellulose digestion data from the in vitro fermentations are shown 
in Table 2. Both urea and diammonium phosphate were included as 
standard nitrogen sources for comparison. The lack of homogeneity in 
the coated samples again caused considerable variability. For the most 
part, however, the materials tested were capable of supporting micro-
organism activity to almost the same extent as urea or DAP. 
SD-1, SD-5, and SD-105 exhibited somewhat lower activity than 
the rest of the samples. SD-105 routinely demonstrated slightly lower 
activity than any other samples. The coating materials used to make 
SD-1 and SD-5 were then tested for toxicity by merely including some 
of the coating material itself in fermentation flasks in which urea was 
TABLE 2.-Cellulose Digestion in Vitro Using Coated DAP and Spe-
cially Treated DAP Materials as Nitrogen Sources. 
Nitrogen Number of Average 30-Hour 
Source Trials Cellulose Digestion, % 
Coated DAP Matenals 
Urea 5 51.3 
DAP 3 45.7 
SD-1 5 42.5 
SD-2 2 51.4 
SD-5 2 41.8 
SD-9 2 45.8 
SD-11 5 52.3 
SD-17 5 53.5 
Specially Treated DAP Materials 
UreQ 3 50.9 
DAP 2 50.9 
SD-101 3 57.0 
SD-102 3 50.4 
SD-103 3 50.1 
SD-104 3 48.0 
SD-105 3 41.0 
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used as the source of nitrogen. In this series of experiments, SD-5 dem-
onstrated some toxicity. The cause of this toxicity is unknown. How-
ever, it should be noted that this material had the lowest melting point 
of any material used in any of the tests. 
The toxicity of fluoride on in vitro fermentations is illustrated in Fig.-
ure 3. In cellulose digesting cultures, fluoride appeared to he toxic after 
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Fig. 3.-Toxicity of fluoride (F) for rumen microorganisms when di-
gesting cellulose or starch in 30-hour in vitro fermentations TCA -N 
= trichloroacetic acid precipitable nitrogen. 
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levels of 20 ppm had been reached, especially when TCA precipitable ni-
trogen synthesis is considered. It would appear that this was not highly 
inhibitory to cellulose digestion until levels of approximately 80 ppm or 
greater were reached, using the 30-hour digestion figure. 
With starch digestion, fluoride appeared to be toxic at 20 ppm and 
further additions appeared to be successively more toxic. Since most ru-
men fermentations in the animal involve digestion of several types of car-
bohydrates simultaneously, it is impossible from these data to state the 
exact toxicity level of fluoride. Under the conditions tested here, how-
ever, 20 ppm may be toxic. 
ANIMAL TRIALS 
Materials and Methods 
The trials outlined below were designed to determine if modifica-
tions of diammonium phosphate granules improved the palatability of ra-
tions utilizing these materials as supplementary sources of nitrogen. The 
digestibility and retention of nitrogen by sheep on these same rations were 
also studied. The composition of the rations and the description of the 
supplementary nitrogen materials are shown in Table 3. 
The first phase of the animal feeding investigation consisted of two 
palatability trials known as the comparison trial and the ad libitum trial. 
In the comparison trial, the animals were given a choice of two feed 
mixtures at a time and for a period of 3 weeks. The feeds were offered 
in one feed box which was divided into two sections. The feed was 
weighed into the boxes each day and weighed hack the following morning 
TABLE 3.-Composition of Rations for the Palatability and Digestion 
Trials. 
Ration 
Ingredient, % 2 3 4 5 6 7 
Chopped hay 45 45 45 45 45 45 45 
Ground shelled corn 49.81 49.79 49.32 49.97 50.51 ~4.7 49.36 
SD-1-SD 2.99 
SD-1 01 4.51 
SD-105 3.48 
DAP-SD 2.83 
Urea 1.19 
Soybean oil meal 7.10 
SD-1-0AES 3.44 
Trace mineral salt 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
Dicalcium phosphate 2.70 2.50 
limestone 1.70 .80 1.70 1.70 0.10 0.20 1.70 
Vitamin A (30,000 IU/gm.) gm. 5 5 5 5 5 5 5 
Vrtamin D (3,000 IU/gm.) gm. 5 5 5 5 5 5 5 
Sodium sulfate (gm.) 45 45 45 45 45 45 45 
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and refusals recorded. The feeds were switched each day from one side 
of the box to the other. Seven sheep were used in the comparison trial. 
Each comparison possible with the seven different rations was made with 
at least three sheep. 
In the ad libitum trial, the animals were allowed only one ration at a 
time and thus no choice was possible. This was de~igned to determine the 
true palatability of the ration for the animal when it had only one experi-
mental feed to consume. The animals were first placed on a 7-day pre-
liminary trial in which soybean meal formed the supplementary source of 
nitrogen. Then the animals proceeded through a series of 7-day trials 
in which they were offered the other six rations to he tested. Each 7 -day 
trial was separated, however, by a 3-day recovery period in which the ani-
mals consumed the soybean meal ration again. This was done in an at-
tempt to insure that all animals started all trials on a similar basis with 
each supplement. 
Six lambs were used to evaluate six of these rations in a digec;tion trial. 
Ration SD-105 was not included in the digestion trial since it was so un-
palatable. The animals were placed on a basal ration (ration 6) for a 
period of 11 days. They were then placed on test rations for 1 0-day pre-
liminary periods and 11-day collection periods and according to the Latin 
Square design. They were fed to approximately 107r over appetite and 
all refused feed was weighed accurately and discarded. Urine and feces 
were collected and sampled in the usual manner ( 2). 
Results and Discussion 
A summary of the comparison trial is shown in Table 4. The data 
are reported for actual kg. of each choice consumed daily and also as the 
ratio on the base of 1 00. Soybean meal was preferred over all other ra-
tions tested. The diammonium phosphate ration, however, was not as 
unpalatable a<; anticipated and this affected most of the later results. The 
urea and diammonium phosphate rations were consumed equally when 
fed with each other. However, the urea ration appeared better than the 
diammonium phosphate ration when both were compared to the other 
treated DAP preparations. The palatability of SD-1-SD and SD-101 
appeared to be about the same as uncoated DAP, while SD-1 OAES may 
have been slightly better. The SD-105 wa<; definitely unpalatable and 
was eliminated from the later digestion trial. 
The result<> of the ad libitum palatability trial are shown in Table 5. 
In these data, the rations are ranked in order of increac;ing consumption 
and the range of consumption by individual sheep is given. SD-1 05 again 
is the least palatable and urea, DAP, and SD-1-SD appeared to be most 
palatable. Actually, all rations were palatable when average consump-
1 1 
-10 
TABLE 4.-lntake of Rations Fed in Pairs and the Intake for Each Pair to the Base 100 During the Palatability 
Comparison Trial. 
Ration B* 
1 (SD-1-SD} 2(SD-1 01) 3(50-1 05) 4{DAP-SD) 5(Urea) 6(SOMI 7(50-1-0AES} 
Ration A* A:B A:B A:B A:B A:B A:B A:B 
Daily intake ratio (kg.) 0.59,0,62 0.69,0.65 1.23,0.23 0.77,0.72 0.20,1.51 0.49,0.90 
4 
Ratio (Base 1 00) 49:51 52:48 84:16 52:48 12:88 35:65 
Daily intake ratio (kg.) 1.46:0.15 1.16:0.40 1.33:0.12 0.72:0.77 1.45:0.56 
5 
Ratio (Base 1 00) 91:9 74:26 92:8 48:52 72,28 
Daily intake ratio (kg.] 1.60:0.08 1.28:0.25 1.41:0.02 1.51:0.20 1.48:0.37 
6 
Ratio (Base 1 00) 95:5 84:16 99:1 88:12 80:20 
*Rations A and B refer to the two rations provided in a given palatability comparison. Data are given for Lomparisons of rat10ns 4, 5, 
and 6 (A) to rations 1 - 7 (B). 
TABLE 5.-lntake of Rations Fed in the Palatability ad Libitum Trial. 
Ration No. of Av. Daily Range of 
Number Identity Animals Intake (kg.) Intake (kg.) 
3 SD-105 7 
C-2 B-5 
1.41 0.26 to 1.91 
2 SD-1 01 7 1.45 0.98 to 1.93 
C-2 B-1 
6 Soybean meal 7 1.54 1.09 to 1.86 
7 SD-1-0AES 7 1.59 1.09 to 2.00 
SD-1-SD 7 1.67 1.18 to 2.09 
4 DAP-SD 7 1.70 1.27 to 2.04 
5 Urea 1 1.79 1.41 to 1.95 
tions were considered. The range figures suggest, however, that there is 
more consistency as one goes up the scale; i.e., with the least palatable ma-
terial, animal preference played a more important role. The soybean 
meal ration was fed to all lambs at the beginning of the trial. Two pos-
sible reasons for the lower than expected intake of soybean meal are the 
smaller size of the lambs and a possible carryover effect from the previous 
comparison trial. 
Table 6 shows the apparent digestibilities for dry matter and protein 
as determined in the digestion trial. These results are averages from six 
determinations on each ration. There was little difference between ra· 
tions as far as digestibility was concerned. It was obvious from the range 
of values reported for each material that the small differences between the 
average values were not significant. Since all of these materials appeared 
to be suitable sources of non-protein nitrogen for in vitro rumen fermenta-
tions, no differences in digestibility in this type of trial were anticipated. 
TABLE 6.-Dry Matter and Protein Digestibilities of Rations Fed Dur-
ing DAP Digestion Trial. 
Dry Matter Digestibility, % 
Ration Average* Range 
1. SD-1-SD 64.9 57.7 to 70.4 
2. SD-101, C-2, B-1 66.8 64.7 to 71.4 
4. DAP-SD 66.3 63.0 to 69.3 
5. Urea 67.8 62.9 to 75.0 
6. SOM 67.6 61.8 to 71.1 
7. SD-1-0AES 68.5 65.2 to 72.3 
*Differences between means are not statistically significant. 
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Protein Digestibility, % 
Average* Range 
68.6 61.8 to 72.0 
70.2 65.2 to 77.4 
67.5 64.4 to 71.2 
73.8 69.0 to 81.8 
70.3 62.1 to 74.1 
70.4 64.5 to 77.0 
It i<; important to note in the animal feeding data that the uncoated 
diammonium phosphate did not appear to be highly unpalatable at any 
time. This is contrary to some reports by other investigators who reported 
a considerable decrease in feed consumption when diammonium phos-
phate was included in the rations. 
The trials reported here were conducted over a 2-year period during 
which the same supply of diammonium phosphate was used for all experi-
ments. When the supply first arrived at the beginning of the study, it 
was noted that some free ammonia could be detected over the dry mater-
ial. As time progressed, however, less of this was noted. It is possible 
that the labile ammonia present in some diammonium phosphate prepara-
tions may be lost over a considerable period of time and as a result, the 
undesirable effect on palatability may also be lost. Obviously no proof 
for this theory exists in the data reported here. 
It can definitely be concluded that the loss or release of ammonia 
from diammonium phosphate can be slowed by coating the material. It 
can also be concluded that the coating materials tested had little effect on 
the palatability or on digestibility of rations containing them. However, 
since palatability of the diammonium phosphate was not as low as has 
been reported previously, it is not possible from these data to assess the real 
Yalue of coating diammonium phosphate to alleviate potential palatabil-
ity problems. 
SUMMARY 
Six preparations of diammonium phosphate coated with various lipid 
type materials and five specially formulated diammonium phosphate ma-
terials were tested for rate of release of ammonia in water solution, sources 
of nitrogen for in vitro rumen bacterial activity, palatability for sheep, and 
digestibility in sheep rations. Several coating materials were capable of 
slowing the release of ammonia from diammonium phosphate in water 
solution. With the exception of two coated materials which were slightly 
toxic, the coated diammonium phosphate was capable of supporting ru-
men bacterial activity in vitro. 
In a comparison palatability trial, a mixed ration made with soybean 
meal was preferred to all other rations. Rations made with urea and DAP 
appeared to be equally palatable when compared to each other. In an 
ad libitum palatability trial, the urea ration was apparently the most pala-
table and the uncoated DAP ration was the second most palatable ration 
fed. Apparent digestibilities for dry matter and protein were only slight-
ly different between rations. 
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